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INTRODUCTION 
When a mixed radiation field is to be used for the study of radia-
tion effects , it is o~en desirable to know the gamma dose as well 
as the neutron flux received by the sample . For effects such as radia-
tion induced polymerization of organic compounds or the production 
of color centers in ionic crystals by radiation, it is o~en more 
important to know the gamma dose which the sample has absorbed than 
the neutron flux present . 
The object of this investigation is to determine the gamma dose 
rates in the rabbit tube of the UTR-10 and attempt to develope a mathe-
matical expression relating these ganuna dose rates t o the power level, 
time of operation at power, and the sample position in the rabbit . 
The rabbit tube was chosen for this study because it pr ovides 
rapid entry and exit from the radiation field and as a result is 
usually used when sample size permits. 
The gamma dose rates in roentgens per hour were determined by 
means of silver -activated glass dosimeters and relationships between 
the dose rate and the power level, time of operation and pr erun dose 
levels were determined. 
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OOSIMETRY SYSTEM 
Dose measurements were made using silver-activated phosphate 
glass needle dosimeters which are available under the trade name 
1 Fluorod • This dosimeter is a glass cylinder of silver- activated 
glass , 1 mm in diameter and 6 mm long. Its composition in weight 
percent is 50% Al(P03 )3 , 25% Ba(P03)2, 25% KP03 with an addition 
of 8% AgP03. 
The response of Fluorods is due to r adiophotoluminescence of 
silver atoms (5) . When silver is widely dispersed in low concentra-
tions the atoms will emit orange luminescence at a rate proportional 
to their concentration when excited by ultraviolet light . The emis-
sion bands of the unirradiated glass are due to silver ions dispersed 
in the glass matrix. The emission bands of the irradiated glass 
correspond to those of atomic silver. The luminescence centers--
r educed silver atoms--are formed when silver ions trap electrons which 
have been freed from the crystal's components by radiation and are 
formed at a rate proportional to the absorbed gamma dose . The electrons 
thus trapped by the silver ions are apparently held more tightly than 
those in F-cent ers since they are more stable to light and increased 
temperatures. The principal effect of light absorption by these cen-
ters apparently is not the freeing of the electron with the r esultant 
destruction of the center, but the raising of the electron to an ex-
cited state from which it returns by luminescence emission . 
I Bausch and Lomb, Rochester, New York . 
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The growth of the luminescence centers, and consequently the 
total luminescence , does not reach its peak for twenty four hours 
after irradiation. Therefore, after exposure it is desirable t o 
allow time for equilibrium t o be r eached. Twenty- four hours were 
allowed before readings were ma.de (6) . 
Fluorods give a linear response in the range from 10 roentgens 
to 2 X lo4 roentgens of absorbed dose without any special treatment . 
It has been reported that the linear r esponse region can be extended 
up to an absorbed dose of 4 X 105 roentgens when the rods are heated 
for one hour at 325°c a~er the dose has been absorbed (J) . When 
heated at 325°c the luminescence centers are relatively unaffected, 
while the color centers which have also been produced in the glass 
matrix are removed. The heat treatment was not necessary in this 
study since the range without the extension from the heat treatment 
was sufficient for power levels up to 10 kilowatts, full power f or 
the UTR-10. 
The r ods are r elatively dose rate independent, however , they do 
show some dose rate dependence. The dose rate dependence has been in-
vestigated in two independent studies (2, 4) which are in close agr ee-
ment . The dose rate dependence found by Kondo is shown in Figure 1 . 
Correction of the dose rates was based on this figure and t he dose 
rates used for dosing t he standards . 
The dosimeter glass has the desirable property of being ener gy 
independent over a very wide range of energies . However, it has a 
very marked energy dependence which has a 21-1 ratio of luminescent 
response when compar ing 50 kev x- rays to Co60 gamma rays . In order to 
(I) 
~ 
ell r-. 
I . ' I I 0 
Cl> -
(1) 
0 
"O 
~ 12 0 
rl 
~ 
ell 
~ 
l! 100 
~ 
0 
~ 
T -- .!. 
Cl> 
~ e 80 
Q) "'"' (1) "O 
0 
"O ~ . 
'-' 
fo 
..-i 6 0 
..c: 
~ 
"' -~ :a 4 0 
ell 
(I) 
r-. - -'H 
0 
(I) 
b() 0 2 
"' 12 
(I) .... -
0 
r-. 
Cl> 
p.. 
(' 
' I I . t 
1 10 io3 irfa 
Ratio of dose rate at high dose r ate to that of low dose rate 
Figure 1. Dose-rate dependence curve 
5 
reduce the energy dependence of the dosimeter, a shield of 0. 05 inches 
of lead lined with teflon or polyethylene, which reportedly gives a 
peak ratio of 1 . 6-1, was used (4). See Figure 2. 
The precision of measurements ~rith these rods will depend on 
the ability to reposition the rods, variation of the power level, 
temperature of exposure, etc . which can be associated with the exper i -
mental procedure . In addition, variation will be inherent in the 
dosimetry system i t sel f --the reproducibility of reading a dosed rod. 
The rods were read on both ends and the average of the readings on the 
two ends was taken as the reading. The rods were read to only the 
nearest one half unit . Rods showing more than two or three units 
difference between the readings for the two ends were suspect for being 
chipped, in which case the rod was examined and the reading with the 
unchipped end toward the photomultiplier tube was taken. A standard 
deviation of 1 . 8% was found for a series of twenty readings, which 
compared quite well with the values found in previous studies of 
2- 3% (3, 2) . 
One of the shortcomings of the silver phosphate glass dosimeters 
is that the readings are not stable, but vary with ti.me . Since t he 
change in the luminescence response depends upon the dose absorbed, the pr e-
irradiation stability is no problem because the readings were taken 
just before irradiation, and none of the run ti.mes were long enough t o 
give problems with change in preirradiation reading . The var iati on 
of the readings a~er dosing the rods is quite ti.me dependent, increa sing 
to a peak at 24 hours and therea~er decreasing as described by t he 
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expr ession1 : 
R(t) = ~ - 0.0107 (ln t)~Ro 
where: R0 = reading 24 hours after irradiation 
t time a~er irradiation - 24 hours 
The variation of the indicated dose rate with temperature is 
quite significant . The change i s r eported to be directly proportional 
t o the temperature and is about 0.5 percent per degree centi grade (4) . 
However, since all the r ods were dosed and read at temperatur es very 
close to 72°F, no correction was made for temper atur e variations. 
Since the dosi.~eters a r e sensitive to thermal neutrons, showing 
a response which is 1.4 times as great as the 1 l':ev gamma sensitivity, 
correction for the thermal neutron dose Im.1st be made or the dose from 
the thermal neutrons cut to negligible values by a shield as was done 
in this case by a boron shield. The r esponse of the dosimet ers to 
fast neutrons is only 0.007 times the 1 Mev gal'llil'a sensitivity and 
as a r esult, produces a negligible response in the rods . 
The amount of orange luminescence arising from t hese centers 
upon excitation was read with a Bausch and Lomb microdosimet er reader, 
a specialized fluorimeter, in which the luminescence is produced by 
radiating the glass with ultraviolet light of 3650 A wavel ength which 
corresponds to the peak in the absorption curve for the irradiated 
r ods . The luminescence produced is collected by a conical reflector, 
l~~rtin, J. A., International Business Ma.chines , Radiation effects 
department, Owego, New York. Time dependence of Fluorod r eadings . 
Private communication. 1964 . 
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passed through an "orange pass" filter system to eliminate the exciting 
ultraviolet radiation and measured by an "end-on" measuring photo-
multiplier . 
The calibration curve used with the microdosimet er reader is 
shown in Figure J . The standards used in constructing this curve 
were obtained from the radiation effects department of International 
Business Machines . 
<l> 
~') 
0 
0 
10,00 
, 
/ 
, 
, 
, , , 
[ I 
, , 
9 
/ , 
/ 
, 
/ 
/ 
/ , 
I I 
, , 
~,'Sensitivity 3 
!ZJ~ 
~' 
~, 
~' . 
Sensitivity 2 
Sensitivity 1 
, 
10..._~_._~-'--'--'--'--'"-'-'-.J-~--I.~--'--'-__._-'-'_._._,_~~'---'----'"-'-_._ ......... ~ 
10 100 1000 
Change in lwninescence r'3sponse (arbitrary units·) 
Figure 3. Calibr ation curve for microdosimeter r eader 
10 
ANALYSIS OF PROBLEM · 
In describing the gamma dose rate in the rabbit , the problem 
was divided into four parts : 
1 . description of the gamma dose r ate as a function of power 
l evel at the time the power level was achieved; 
2 . description of the increase in the gamma dose rate as a func-
tion of the operating t ime ; 
3. description of the background dose r ate i . e ., the gamma 
dose rate remaining after a pr evious run as a function of the 
conditions of that run and the time elapsed since the shutdown 
for that run; and 
4. description of the dose r at e as a function of the position 
in the rabbit tube and power level. 
In describing the gamma dose rate as a function of t he r eactor 
power level for zero operating time, measurements have to be made at 
some finite time a~er the power level is achieved and as a result 
the actual zero time at power values must be calculated from the r e-
sults of the dose rate build-up findings . In order to have consistent 
results, a run time of five minutes was used for the determinations 
and it was assumed that the increase would be s~ll so that the aver-
age dose r ate for the five minutes could be treated as occurring at 
2.5 minutes a~er the power level was achieved. 
Since the increase in the dose rate per hour of operation as a 
function of operating t ime can be expected to amount to only a few 
percent of the total gamma dose rate (1) and since the repr oducibility 
ll 
of the F1.uorod readings is also on the order of a few percent (4) , 
it can be seen that it will be difficult to determine the type of 
function directly from the data taken during a run, which will best 
describe this increase . In determining the build-up, the data will 
be assumed to consist of two parts, a constant due to the prompt gam-
mas , etc. and a time variable term. The form of the time variable 
part will have to be determined experimentally. 
The description of the background dose rate i . e. , the dose rate 
due to fission products from previous runs, can be done by describing 
the decay of the dose rate due to fission products after a run as a 
function of the power level, the duration of the run, and the time 
lapse afte'r scram. The background dose rate for a run will then be 
calculated on the assumption that operation of the reactor does not 
affect the fission products from a previous run, in which case the 
background dose r ate can be consider ed a swmnation of the dose rates 
due to fission products from previous runs . · 
The description of the variation of the dose rate in the rabbit 
will be based on the assumption that the reactor core can be approxi-
mated by an equivalent point source at some distance from the end of 
the rabbit nearest to the core . In order to determine whether or not 
any radial variation of the dose rate exists, dosimeters will be placed 
in planes perpendicular to the axis of the rabbit and irradiated with-
out shields , since the introduction of enough boron to shield all the 
dosimeters at once would not be wise during reactor operation. It 
is, however, desirable to dose all the dosimeters at once so that 
variation of the dose rate with reactor operation time will not affect 
the results . 
The description of the dose rate in the rabbit will then be an 
expression which will take each of the parts discussed above into 
account . 
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EXPERIMENTAL PROCEDURE 
The pr eparation of t he Fluorods for use consisted of the follow-
ing steps: 
1 . The rods which had previously been used wer e heated to 
500°c for one hour to r emove any luminescence centers from pr e-
vious runs . 
2. The rods were r insed in acetone , distilled water and methyl 
alcohol three times in succession for a total of nine rinses . 
3. The pre- dose readi ng was taken just previous to the run 
in order to minimize the possibility of significant changes in 
the pre-dose reading. 
For use , the rods wer e each placed in a polyethylene cover ing 
to pr event scratches , placed in a lead shield and the rod and shield 
placed inside a boron packet t o reduce the dose f r om thermal neutrons 
to a negligible value . 
The shielded dosimeter was then placed in the rabbit which had 
been pr epared by placing a piece of polystyrene foam cut to length 
so that the packeted dosimeter was 1 . 4 cm from the inside cover of 
rabbit nearest to the core . A piece of foam rubber was used to hold 
the rabbit contents firmly in place . 
The rabbit was then placed in the r eactor rabbit tube and exposed 
for the number of minutes shovm for each exposure . 
The exposed rod was then r insed again as above and the post- dose 
reading taken. 
For run number 854C the rods were not pl.aced in shields , but were 
pl.aced between layers of polystyrene foam cut to pl.ace the rods in 
planes perpendicular to the axis of the rabbit at the positions indi-
cated. 
15 
RESULTS 
Evaluation of Equivalent Point Source 
Assumptions: 
l e That the r eactor core can be approximated by an equivalent 
point source. 
2. Gamoa attenuation in the polystyrene foam in the f ull l ength 
of the rabbit during run number 844.C is negligible . 
Let Q'= hypothetical point source strength, cm2R/hr 
D = distance from point source to end of rabbit 
Then, based on the geometry used for run 844C, see Fi gure 4, 
2 47T (D + z) 
= Dose rate at plane E 
= Dose rate at plane A 
Average dose rates: 
Then, 
Plane A = 16,300 R/hr 
Plane E = 26,400 R/ hr 
At plane A, z = 0 cm 
At plane E, z = 10 cm 
Qt 
= 1.63 
Qf 
4 D2Tl 47T(D + 10)2 
Ratio: 
Dose rate E = 1.63 
Dose rate A 
2 2 
3 5 1 1 3 5 1 
4 4 
Section AA Section BB Section CC 
- -<c 
~ -<-
B c 
~ z -
Figure 4. Dosimeter positions in the rabbit for r un 854C 
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1 1.63 
2 
(D + 10)2 c 1. 63 D 
2 
D + 20 D + 100 = 1.63 D2 
2 
0. 63 D - 20 D - 100 = 0 
D ... 20 :y400 + (4)(0. 63)(100) 
(2)(0. 63) 
D = 36 . 2 cm 
From this value of D, and by defining Q, as an effective source 
strength ie, __g_!.._ 
4 TT 
Q = (Dose at plane E)(D2 ) 
Then 
Q = (26,400)(36. 2)2 
= 3.46 X 107 R/hr at 1000 watts, 62 .8 minutes after power 
level was achieved. 
Based on these assumptions then, the dose rate at any axial posi-
tion in the r abbit can be expressed by: 
3.46 x 107 
Dose rate (z) = 
(36.2 + z)2 
R/hr at 62. 8 minutes after power 
level was achieved 
18 
where : 
z = distance measured from the inside end of the r abbit toward 
the core. 
Table 1 . Garrnna dose rates ·as a function of position in t he rabbit 
Plane A B c D E 
z (cm) 10 7. 5 5. 0 2 . 5 0 
(36 . 2 + z ) 
2 
2, 134 1,909 1 , 697 1 , 498 1 ,310 
Unshielded average 16,300 18, 200 19,200 22, 600 26, 400 
dose rate 
Calculated dose 16, 300 18,100 20,400 23 ,100 26, 400 
Percent difference 0 0 . 5 3 . 0 2. 2 0 
The source strength in this r elationship, however , is based on 
the results of only one run, which was run without shields on the dosi-
meters . As a result the constant will have to be r e- evaluated on the 
basis of several runs in which the dosimet ers were shielded. 
The data from a number of runs for dose rate versus power l evel 
is shown on Figure 5. A straight line least squar es fit gives the 
relationship, 
Dose rate (R/hr) = 13 .4 (P. L. )1-.00185 
where : P. L. = Pm~er level in watts 
which gives the dose rate at z = 1. 4 cm for an average operation 
time of 2 . 5 minutes as a function of power level for power levels be-
tween 10 watts and 10, 000 watts . 
19 
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Since the calculatio~s h .... ve been c~~ried out to o:lly three places , 
the power of the time (1.00185) was rou.."ldcd off to 1.00. Then, the 
equivalent source strength was solved :or as .:'ollo· ..,rs : 
2 
Q c;:i R/hr 
Dose rate at z (R/hr) = 
(36.2 + z)2 cm2 
2 ( )1.00 ( )2 Q (cm R/hr) = 13 . 4 P. L. 36.2 + 1.4 
Q (cm2 R/hr) 1.82 X 104 (P . L.) at 2.5 minutes after 
power level was achieved. 
Experi~ental plots of the time dependent part of the gamma flux 
at power stowed that the data gives a straight line on full logarith-
me graph paper, anj as a result the total garrura flux will be repre-
sented by an equation of the form: 
where : 
De R•(t) = Dose rate as a function of time 
R.0 = quantity dependent only on the power level 
k a constant dependent only on the power level 
T = time of reactor operation in minutes 
c = a constant 
The quantity, Ro, was taken as the average value of the dose rate 
at T equal to zero. This value was determined by a trial and error 
fitting of t he individual dose rate- time curves with an extrapolation 
for T equal to zero . The values of k and c were also obtained from 
least squares fits for the individual curves . 
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The values o: c from rt!ns 843, 854, and 918 were 0. 0943, 0 . 0816 , 
and 0.0847, g~ving an average val~e of O.OS69 . The values of k from 
runs 843, 854, and 918 were 120, 1380, and 9850 . Since the value of 
k is dependent on the power level, the vc.lue (k/P . L.) was averaged, 
giving an average of 1.19 for the three runs . 
The values of Ro for the three runs were 1 . 42 X lo3, 1.38 X 104, 
a!'ld 1.18 X 105 . The average value of (R0/P . L.) was found to be 
13 . 3 . The r esults are shovm on F~gure 6. 
The dose rate as a funct~on of time based on runs 843, 854, and 
918 can be expressed as 
D. R. (t) = (13.3)(P. L.) + (1.19)(P . L.)(T)0 . 0869 
Since the expression above is based on only the three runs 843 , 
854, and 918, better values of the power level dependent constants 
could be obtained by taking the ratio of the average dose rate at 
2.5 rainutes after start- up for the three runs to the average dose rate 
at 2.5 minutes after start-up found previously. The average value of 
(Ro/P . L.) for the three runs was 14.6, giving a ratio of 0. 932 which was 
used in calculating the equivalent point source . 
The equivalent point source is given by: 
Q ~13 .3 ) (P . L.) + (1.19)(P . L.)(T)0 . 0869] (36 . 2 + 1.4)2(0.932) 
= 1.75 X 104(P . L. ) + 1.57 X lo3(P . L. )(T)0 . 0869 
The evaluation of the background dose rate--the dose ~ate due 
to fission products from previous runs--was based on t~e data taken 
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Figure 6. Dose rate as a function of time after power level was achieved 
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after snutdown for a number of runs . The r esults of these runs are 
shown in Figure 7 and Figure 8 . The straight lines which start at 
one hour after shutdown shO\·m on the figures are based on a r elation-
ship which was evaluated as follows . 
A plot of the dose r ate at one hour after shutdown for a series 
of 10 kilowatt runs is sh~l'ITl in Figure 9 . A least square fit of the 
data gives the r elationship 
where : 
B(T) = 235 T0. 618 at z = 1.4 cm 
B(T) = Dose r ate at one hour after shutdo-.·m 
T c Duration of r eactor operation in minut es 
Examination of Figure 8 shows that t he dose r ate at one hour 
after shutdown is approximately directly proportional to the power 
level, and it will be assumed that it is exactly proportional to the 
power l evel . Then, 
B(T) = 2.35 x lo-2 r0. 618 (P. L. ) at z = 1 . 4 cm 
Since the slope of the approximation lines on Figures 7 and 8 
did not show any dependence upon the duration of the run at power , 
the decrease in t he dose rates as a function of time elapsed since 
shutdown is giv en by 
2.35 X 10-2 T0 . 618 (P. L. ) 
B(T, t) s: 
(!) 
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Figure ?. Dose rate as a function of time after scram for a series of 10 
kilowatt runs of varying duration 
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where : 
t = time elapsed si!:ce shutdovm in r.d.nutes 
a = the average value for all t~e runs = 1 . 08 
Then, based on the assur.lption that ~he dose rate due to t he fis-
sion products from previous runs can be approxi.ni~ted by a sununation 
of the dose rates from previous runs, the equivalent point source 
is given by 
B(T,t) 
0.618 
33.2 (P. L..)Tn 
=I---
J.1 .08 
"n 
n 
Then, 
Dose Rate (R/hr) = 
where: 
+ 
(36.2 + z)2 
33.2(P. L.)T~· 618 
I ---
tl.08 
n 
n 
(36.2 + z)
2 
P. L. = Power l evel in watts 
T = Time in minutes elapsed since power level was achieved 
z = distance in cm ~easured from the inside end of the 
rabbit toward the core 
Tn = Time duration in minutes of previous runs 
tn = Time in minutes elapsed since scram from each previous 
run 
28 . 
Calculation of the Standard Deviation for Reading Microdosimeters 
Table 2. Data from repeated r eadings of one microdosimeter 
Trial End 1 End 2 Trial End l End 2 
Rod A- 68 (multiplier 3) 
1 96. 0 94.5 11 93 .0 94.0 
2 97 . 0 95 .0 12 95 . 5 94.5 
3 96. 5 98.0 13 94.5 93 . 5 
4 95 .0 93 .5 14 94.0 92.0 
5 94. 5 94.0 15 93 . 5 93 .0 
6 95 .0 96 .0 16 93 . 5 94. 5 
7 98.0 97.0 17 96.0 94.0 
8 94.5 95 .0 18 94.5 94.0 
9 92. 0 95.5 19 96. 5 97. 5 
10 95 .5 96.5 20 96. 5 96.5 
Average reading = 95 . 0 
0--"" 1.8 
Reading = 95 . 0 ± 1.8 
= 95 .0 ± 1.9 % 
29 
Calculation of the Standard Deviation :or the Dose Rate at 100 ':latts 
'!.'z.ble 3. Dose rates found fro::::-. six re:!.diri._:;s of dose rates at 100 watts 
Trial 
1 
2 
3 
Dose rate 
R/hr 
1450 
1370 
.:...verage dose rate = 1418 R/hr 
0-- = 55 rt/hr 
Trial 
4 
5 
6 
Dose rate at 100 watts = 1418 ± 55 R/hr 
= 1418 .± 3.9 % 
Dose rate 
R/hr 
1490 
1420 
1340 
30 
C0!·2·2ETS Alffi RECO~·=·@~DATIOXS 
The data for power levels greater than 1,000 watts were taken 
based on runs of thirty seconds, while the data taken at power l evels 
less than 1,000 watts w~re based on runs of five ninutes duration. 
An attenpt wc::.s made to use five minute runs for power levels greater 
than 1,000 watts, however, dose rates found were smaller than for 
thirty second runs. The dose r ate recorded for a five minute, ten 
kilowatt :!".in was approx:i.I'.lately fifty perce~t of that fou..11d for a thirty 
secor.d rur:. ':'he dose rate recorded for a five r:iinute, five kilov;att 
run was approx.im.3.tely seventy- five percent of that found for a thirty 
second runa This behavior is characteristic of the behavior reported 
for dosimeter saturation, however, the observed saturation effect was 
found for absorbed doses greater than approximately lo3 R, while 
the satu:·c..tion dose rates reported in the literature (3 ,4) were ap-
proximately 104 R. Since the standards used had a maxinUJT. dose of 
2, OOJ Roentgens, rtL.'1 times of thirty seconds were used for power levels 
above one kilowatt . 
In establishing the pre-run dose rate, several data points were 
taken before each run was started to establish the rate of change of 
the background with reference to the time lapse since the previous 
run and are shown at the beginning of each table unless the run was 
imrr:ediately preceded by another run on which data was taken. The 
0 background" dose rate was then obtained by assuming a straight line 
and extrapolating to the dose rates for time lapses concurr ing with 
the data points . 
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The approxir.ations for the ,;a:'!'lma dose rate after reactor shut-
dO\m are valid for tines greater t.:~.an o::e hour after sh:.:.tdown. Exami-
natio:t o: t!'le d.:-..ta ::ilotted O?'l f'.21 :o.:;ar.:..th.: :ic grap!1 paper showed a 
definite cr..:;.n.:;e in the slope o: a li:i.e t!'..rc-:.:.en the experi:r:e:ital data 
at approxi.."nately one hour ai'ter shutdown for e:lch of the runs. As a 
r estlt, the slope of the straight i:..~e approxirnation Has based on 
data poi:lts for tines greaver tmn sixty mi!'lutes after scran. 
Sir.ce the response of the dosi~eter used in these deterr:ri."13.tions , 
even with the lead shield is r:ot independent of the energy of the 
radiatio?'l, the actual gar.~.a dose rate in the rabbit should be checked 
by another sy~r-ver:. wh::..ch 1:1as a lo:·: ... r energy depe::dence. Another al-
ternative is that some of the new shields now being experimented 
with, such as a combination tin-tantalum shield, which preliminary 
rest:lts sec= to indicate h.:.ve a better enerr;y independence, might 
be used a:ter more data on these shields becomes available . 
The results of this r eport can be used to obtain an approximation 
o: the gar:ur.a. dose rate in the rabbit in roentgens per hour . A use-
ful addition to this report would be a study of the gaJ!llT'.a energy spec-
tru;::i in the rabbit, since this uould Ir.a.Ke possible better estimates 
of the dose which would be absorbed in an irradiated material . 
T:'1e power leve2. as reported in the data was obi:.ained from the micr o 
!"::icro ar:::::eter, usi:ng a calibration facto:::- of one watt = 
micro micro a ... pere . 
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Table 4. Garmna dose rate at 2. 5 minut es af ter power l evel was achieved 
Dosimet er Duration . Power Dosimet er r eading D. Dose Dose Background D. dose 
level Before After r ead r at e dose rate r at e 
min watts scal e-read scal e-read R R/hr R/ hr R/ hr 
Run 822 
L-2 20 0 1-26 1-54 28 14 49 
L-J 5 50 1-27 3-48 124 62 744 49 695 
L-4 5 100 1-25 l<>-26 248 124 1490 49 1,450 
L-5 5 400 1-23 10-89. 5 917 458.5 5500 49 5, 450 
Run 831 
L-3 6 0 1-26 1-38 12 6 60 VJ 
L-4 5 50 1-26 3-47 122 61 732 60 672 VI 
L-5 5 100 1-34 3-86.5 238 119 1430 60 1,370 
Run 843 
A-1 5 100 1-17 3-82 241 121 1440 0 1,440 
Run 848 
A-41 ll 0 1-17 1-24 7 3 . 5 18 
A-42 5. 5 10 1-17 1-44 27 13 . 5 120 18 102 
A-43 5 25 1-17 1-19 62 31 365 18 347 
A-44 5 50 1-18 3-44. 5 120 60 720 18 702 
A-45 5 100 1-17 3-85 251 126 1510 18 1,490 
A-46 5 200 1-17 10- 45 . 5 462 231 2770 18 2, 750 
A-47 5 300 1-17 10-68 697 349 4180 18 4,160 
A-48 5 400 1-17 10-89 918 459 5500 18 5,480 
Table 4 (Continued) 
Dosimet er Duration Power Dosimeter r eading 6. Dose Dose Background 6.dose 
level Before After r ead rate dose rate rate 
min watts scal e-read scale-read R R/hr R/hr R/hr 
Run 850 
A-61 10 0 1-17 1-19 2 4 24 
A-49 0.5 10, 000 1-18. 5 10-49.5 500 1000 120, 000 24 120, 000 
Run 852 
A-71 5 0 1-17 1-29 12 6 66 
A-72 5 100 1-17 3-84 248 124 1, 490 66 1, 420 
A-73 5 400 1-17 10-90 928 464 5, 570 66 5, 500 \...V 
°' 
Run 853 
A-49 10 0 1-17 1-18. 5 1.5 3 18 
A- 41 0. 5 10, 000 1-24 10-56. 5 590 1180 141, 000 18 141, 000 
Run 854 
A-87 6 0 1- 4 1- 3 0 0 0 
A-88 5 1 , 000 1- 4 10-53 552 1160 13 , 900 0 13 ,900 
Run 855 
A-68 10 0 1-18 1-19 1 2 12 
A- 3 0. 5 5, 000 1- 4 10-30 311 622 74, 500 12 74, 500 
Table 4 (Continued) 
Dosimeter Duration Power Dosimeter r eading .6. Dose Dose Background .6. dose 
level Before After read rate dose rate rate 
min watts scale-r ead scale-read R R/hr R/hr R/hr 
Run 857 
A-49 5 0 1-27 1-29 2 4 24 
A-105 0.5 10, 000 1-32 10-53 . 5 530 1050 127, 000 24 127, 000 
Run 858 
A-7 16 0 1-13 1-24 11 22 83 
A-8 5 100 1-48 3-34 59 118 1, 470 80 1,390 
A-10 0. 5 1,000 1- 7 1-61 54 108 13 , 200 80 13,100 \.JJ 
-.J 
Run 917 
B-15 5 0 1- 1 1- 1.5 0. 5 10 120 
B-16 5 1,000 1- 5 1- 58. 5 53 . 5 1070 12, 900 120 12, 800 
Run 918 
B-15 5 0 1- 1.5 1- 2 0.5 10 120 
B-19 0. 5 10, 000 1- 2. 5 1-56 53 .5 1070 129, 000 120 129 ,000 
Table 5. Gamma dose level after scram 
Dosimeter In Duration Time Dosimeter r eading 6. Dose Dose Background 6. dose 
time lapse Before After r ead rate dose rate rate 
min min scale-read scale-r ead R R/hr R/hr R/hr 
Run 835 
February 13, 1965 
L-1 16:40 10 1438 1-13 3-19 63 30.5 91.5 
February 14, 1965 
L-4 9:35 20 2513 1-12 1-68 36 17 51 
L-5 16:20 20 2918 1-12 1-52 27 13 42 
February 15, 1965 '-" 
L-6 10:45 20 4023 1-11 1-22 12 5.5 33 ()') 
L-1 16:17 5 19.5 1-19 3-54 151 75 .5 894 31 863 
L-2 16:32 5 34. 5 1-12 3-41 117 58. 5 689 31 658 
L-3 17:02 5 64.5 1-12 3-27 72. 5 36 .3 422 30 392 
L-4 18:32 20 162 1-12 3-49 142 71 209 29 180 
L-5 21:00 20 310 1-19 3-30 75.5 38 lll 28 83 
February 16, 1965 
L-6 9:10 20 1045 1-10 1-42 32 16 46 25 21 
Table 6. Garmna dose rates after scram 
Dosimet er In Duration Time Dosimeter reading 6. Dose Dose Background D.dose 
time lapse Before After r ead rate dose rate rate 
min min scale-read scal e-read R R/hr R/hr R/hr 
Run ~7 
February 16, 1965 
L-5 18:30 10 1595 1-20 1-32 12 6 36 
L-3 23:30 30 1905 1-54 1-84 30 15 30 
February 17, 1965 
L-6 7: 45 20 2395 1-75 1-93 18 9 27 
L-6 11:25 5 17.5 1-18 10-74 761 380.5 4570 24 4546 
L-2 11:55 5 47.5 1-17 10-47 486 243 2920 24 2896 \.JJ 
L-3 13:00 5 112.5 1-17 10-27 267 133 .5 1600 24 1576 '° L-4 14:20 5 192.5 1-17 3-46 128 64 768 23 745 
L-5 18: 20 15 437.5 1-17 3-46 128 64 256 22 234 
L-1 22:30 20 690 1-17 3-38 103 51.5 155 21 134 
February 18, 1965 
L-1 10:20 20 1400 3-38 3-62 61 30.5 92 17 75 
L-1 20:30 20 2020 1-64 3-32.5 39 19. 5 59 15 44 
February 19, 1965 
L-4 10:50 20 2860 1-56 3-29 35 . 5 17. 8 54 13 41 
Table 7. Gamma dose rates after scram 
Dosimeter In Duration Time Dosimeter r eading .6 Dose Dose Background ~dose 
t ime lapse Before After r ead rate dose rate rate 
min min scal e-read scale-read R R/hr R/hr R/hr 
Run 838 
February 19, 1965 
L-4 16:55 5 47.5 3-29 10-83 780 390 4680 35 4645 
L-5 18:31 5 143.5 1-32 10-33 312 156 1870 34 1836 
L-1 22:30 20 390 3-32 10-40 319 159.5 477 32 445 
February 20, 1965 
L-2 11:45 20 ll85 3-32.5 3-71 121 60.5 182 28 154 
L-1 17:00 20 1500 1-18.5 3-38 104.5 52.3 157 26 131 
February 21, 1965 ~ 
L-3 00:00 20 1920 1-20 3-33 87 43.5 128 24 104 
0 
L-2 ll:30 20 2610 1-19 1-74.5 6o 30 86 22 64 
L-5 21:00 20 3180 1-19 1-66 47 23.5 68 20 48 
February 22, 1965 
L-1 12:00 20 4080 1-19 1-58 38 19 54 17 37 
Table 8. Gamma dose rates after scram 
Dosimeter In Duration Time Dosimeter r eading D. Dose Dose Background D. dose 
time lapse Before After read rate dose rate rate 
min min scale-read scal e-read R R/hr R/ hr R/hr 
Run 840 
February 22, 1965 
L-3 16:42 10 1-19 l0-34.5 343 171.5 1029 
L-2 21:33 10 1-19 1-76 57 28.5 166 
February 23 , 1965 
L-5 9:05 10 1-23 1-45 22 ll 63 
L-3 10:44 5 12.5 1-17 10-98 1014 507 6080 60 6020 
L-5 ll:05 5 33.5 1-45 10-58 565 282. 5 3380 58 3322 
L-2 ll:35 5 63.5 1-19 3-97 286 143 1720 57 1663 
L-1 14:04 10 215 1-38 3-64 163 8J.5 480 54 426 
L-5 18:30 10 481 1-21 1-79 58 29 170 43 127 
L-2 23:00 10 751 1-25 1-63 38 19 102 36 66 
February 24, 1965 
L-3 19:30 20 1986 1-29 1-71 42 21 56 32 24 
February 25 , 1965 
L-5 14:55 20 3151 1-33 1-56 23 ll.5 29 22 7 
Table 9A . GaIIDlla dose rates at power 
Dosimeter In Duration Time Dosimeter r eading D.. Dose Dose Background D.. dose 
time lapse Before After r ead rate dose rate rate 
min min scale-r ead scale-read R R/hr R/ hr R/hr 
Run 843 
March 4, 1965 
A-1 9:41 5 2.5 1-17 3-82 241 120.5 1440 0 1540 
A-2 9:51 5 12.5 1-17 3-83 244 122 1460 0 1460 
A-3a 10:01 5 22.5 1-17 10-37 371 185 . 5 2230 0 2230 
A-4 10:01 5 22 . 5 1-17 3- 90 268 134 1610 0 1610 
A-5 10:11 5 32. 5 1-17 3- 89 263 131.5 1580 0 1580 
A-6 10:21 5 42.5 1-17 3-89 263 131.5 1580 0 1580 
A-7b 10:21 5 42.5 1-16 3-74 218 109 1310 0 1310 
A-8 10:31 5. 5 52.8 1-17 3-96 305 152. 5 1660 0 1660 
A-9c 10:41 5.5 62 . 8 1-17 10-44 446 223 2430 0 2430 
A-10 10:41 5. 5 62 . 8 1-17 3-99 295 147.5 1610 0 1610 
A-11 10:51 5 72.5 1-17 3-91 269 134·5 1610 0 1610 
A-12 11:02 4 83 1-17 3-73 213 106.5 1600 0 1600 
A-13 11:11 5 92. 5 1-17 3-84.5 249 124.5 1490 0 1490 
A-14 11:21 5 102.5 1-17 3-88 260 130 1560 0 1560 
A-15 11:31 4 112 1-17 3-73 213 106. 5 1600 0 1600 
A-16 11:37 3.5 117. 8 1-17 3-64 184 92 1590 0 1590 
aA-3 in plastic, in boron shield, not in l ead shield (toward core ) r egular position. 
bA-7 in plastic , not in boron shield, not in lead shield (away from core) on end. 
cA-9 in plastic, not in boron shield, not in lead shield (toward core) r egular position. 
Table 9B. Gamma dose rates a~er scram 
Dosimeter In Duration Time Dosimeter r eading 6. Dose Dose Background 6. dose 
time lapse Before After r ead rate dose rate rate 
min min scale-read scal e-r ead R R/hr R/hr R/hr 
Run 843 
March 4, 1965 
A-17 11: 51 5 12. 5 1-17 1-45 28 13 153 28 127 
A-18 12:00 5 20.5 1-17 1-41 23 11. 5 127 28 99 
A-19 12:15 5 35 . 5 1-17 1-34 17 8. 5 102 28 74 
A-20 12:45 5 65 . 5 1-17 1-28 11 5.5 64 28 36 
A-21 13:05 6 et7 1-17 1-31 12 6 56 27 29 
A-22 14:30 5 171. 5 1-17 1-25 8 4 44 27 17 
A-23 15 :35 5 236 . 5 1-17 1-22 5 2.5 28 27 1 t:> A-24 21:20 32 655 1-17 1-45 28 14 28 27 1 
March 5, 1965 
A-25 13:10 24 1541 1-17 1-39 22 11 26 27 
Table 10. Garrona dose rates a~er scram 
Dosimeter In Duration Time Dosi.meter r eading 6. Dose Dose Background 6. dose 
time lapse Bef ore After read rate dose rate rate 
min min scale-read scale-read R R/hr R/hr R/hr 
Run 844 
March 5, 1965 
A-26 14:38 5 12.5 1-17 10-64 672 336 4030 13 4020 
A-27 14:55 5 29.8 1-17 10-38.5 395 198.5 2380 13 2370 
A-28 15:30 5 63 .3 1-17 3-57 178 89 1070 13 1060 
A-29 16: 05 5 99.5 1-17 3-35 110 55 646 13 633 
A-30 16:50 5 144.5 1-17 3-24 75 .5 37. 8 441 13 428 
A-31 22:15 10 472 1-17 1-45.5 28.5 14.3 81.5 13 68. 5 
March 6, 1965 
A-32 12:10 20 1312 1-17 1-47 30 15 42 12 30 
A-33 20:30 30 1817 1-16 1-56 40 20 38 12 26 
March 7, 1965 
A-34 12:35 30 2782 1-17 1-50 33 16.5 29 12 17 
A-35 19:00 30 3167 1-16 1-39 23 11.5 21 12 9 
March 8, 1965 
A-36 10:40 20 4160 1-17 1-33 16 8 21 12 9 
Table ll. Gamma dose rates after scram 
Dosimeter In Duration Time Dosimeter r eading 6 Dose Dose Background 6dose 
t ime lapse Before After r ead rate dose rate rate 
min min scale-read scale-read R R/hr R/hr R/hr 
Run 849 
March 15, 1965 
A-52 15:51 5 32.5 1-17 10-90 928 464 5560 38 5520 
A-53 16:01 5 42.5 1-17 10-74 760 380 4560 38 4520 
A-54 17:02 5 103.5 1-17 10-33 330 165 1980 37 1940 
A-55 18:35 6.5 197.3 1-17 3-72 210 105 969 36 933 
A-56 21:55 10 399 1-17 3-43.5 120 60 360 35 325 
March 16, 1965 
~ A-57 00:30 15 556.5 1-17 J-42 ll5 57.5 2JO JJ 197 \.)\ 
A-58 10:50 15 1276 1-17 1-72 55 27.5 llO JO 80 
A-59 14:25 40 1504 1-17 3-45 126 6J 94. 5 28 66.5 
A-60 20:25 JO 1859 1-17 1- 83 66 33 68 26 42 
Table 12. Gamma dose rates after scram 
Dosimeter In Duration Time Dosimeter r eading 6. Dose Dose Background 6. dose 
time lapse Before After read rate dose rate rate 
min min scale-read scale-read R R/hr R/hr R/ hr 
Run 850 
March 17, 1965 
A-62 13:07 5 88.5 1-17 10-59 617 308.5 3710 46 3660 
A-63a 13:24 6 106 1-17 10-43 450 225 2250 45 2200 
A-64 14:23 10 167 1-17 lo-60.5 633 316.5 1890 44 1850 
A-65 16:25 5 186.5 1-17 3-56 174 87 1040 44 1000 
A-66 21:00 10 564 1-17 3-49 152 76 457 40 417 
March 18, 1965 ~ 
A-67 18:30 15 1278.5 1-17 3-36 92 46 178 32 145 °' A-68 16:20 15 1748.5 1-17 1-77 6o 30 114 25 89 
A-69 22:00 15 2088.5 1-17 1-75 58 29 ill 19 92 
March 19, 1965 
A-70 10:10 30 2809 1-17 1-95 78 39 74 13 61 
awater pumped up. 
Table 13. Ganuna dose rat es after scram 
Dosimet er In Durati on Time Dosimet er r eading 6. Dose Dose Background IJ. dose 
time lapse Before After r ead rate dose rat e rate 
min min scal e- read scal e- read R R/hr R/hr R/hr 
Run 853 
March 19, 1965 
A-74 19:30 10 242 1-17 3-34 92 46 276 
A-75 24:00 10 512 1-12 1-52 40 20 120 
March 20, 1965 
A-76 9:10 20 1072 1-12 1-66 50 25 75 
A-77 10:39 5 17. 5 1-17 10-94 970 485 5820 68 5750 
A-78 10:49 5 27.5 1-17 10-70.5 723 361.5 4340 67 4270 ~ A-79 11:05 6.5 34.3 1-17 10-64 655 327.5 3020 67 2950 
A-80 12:13 5 lll.5 1-17 3-70 204 102 1230 63 1170 
A-81 14:10 5 228.5 1-17 1-76 59 29.5 357 60 297 
A-82 17:30 34 443 1-17 3-81 238 119 216 52 164 
March 21, 1965 
A-83 00:45 JO 876 1-17 J-41 112 56 127 48 79 
A-84 10:20 JO 1451 1-17 3-39.5 107 52 102 44 58 
A-85 19:50 50 2031 1-17 J-J9.5 107 53.5 69 38 41 
A-86 23:40 50 2251 1-17 J-39 105 52.5 66 J4 32 
March 22, 1965 
A-81 7:00 60 2696 1-76 3-54 90 45 56 29 27 
Table 1.4A. Gamma dose rates at power 
Dosimeter In Duration Time Dosimet er r eading 6. Dose 6. Dose 
time lapse Before After read rate 
min min scale-read scale-read R R/hr 
Run 854 
March 22, 1965 
A-er/ 13:33 6 1-4 1-3 0 0 0. 
A-88 14:50 5 2.5 1-4 10-53 552 1160 14,900 
A-89 15:02 5 14.5 1-4 10-58.5 610 1280 15, 400 
A-90 15:12 5 24.5 1-4 10-57.5 600 1260 15,700 
A-91 15:22 5 34.5 1-4 10-59 616 1290 15,500 
A-92 15:32 5 44.5 1-4 10-58 595 1250 14, 900 
A-93 15:42 5 54.5 1-4 10-61.5 643 1350 16,200 ~ 
A-94 15:52 5 64.5 1-4 10-61.5 643 1350 16, 200 CQ 
A-95 16:02 5 74.5 1-4 10-60 626 1320 15,800 
A-96 16:15 5.5 er/.8 1-4 lo-64 668 1400 15,300 
A-97 16:25 5 97.5 1-4 10-59 616 1290 15, 500 
A-98 16:35 5 107.5 1-4 10-62 647 1360 16,300 
A-99 16:45 5 ll7.5 1-4 10-59 616 1290 15 , 500 
Table 1413. GarralVl dose rat es a~er scram 
Dosimeter In Duration Time Dosimeter r eading 6. Dose Dose Backgr ound 6.dose 
time lapse Before After read rate dose rat e rate 
min min scale- r ead scale-read R R/hr R/hr R/hr 
Run 854 
March 22, 1965 
A-100 17:02.5 5 15 1-4 1-61 57 114 1730 38 1330 
A-101 17:10 6 23 1-4 1-48 44 88 880 38 842 
A-102 17:30 6 43 1-4 1-31 27 54 540 38 502 
A-103 17:57 8 71 1-4 1-36 32 64 480 38 442 
A-106 18:50 10 125 1-4 1-29 25 50 300 37 263 
A-104 20:10 20 210 1-4 1-34.5 30.5 61 183 37 146 
A-105 23:20 33 406.5 1-4 1-31.5 27.5 55 100 35 65 ~ 
-CJ 
March 23, 1965 
A- 74 10:20 42 1131 1-4 1-25 21 42 60 29 31 
A- 49 16:35 34 1442 1-4.5 1-19 14.5 29 51 27 24 
50 
Table 14C. Geometric distribution of gamma dose rates in rabbit 
Plane Dosimeter Dosimeter r eading 6. Dose Dose rate 
Before After read (R/hr4 
scale-read scale- read R x 10-
Run 854c8' 
A 1 1-1 10-37 387 813 1.63 
A 2 1-18 10-38 380 798 1.59 
A 3 1-6 10-37-5 387 812 1. 62 
A 4 1-3 10-37 . 5 390 819 1.64 
A 5 1-34 10-38. 5 369 775 1. 65 
B 1 1-1 10-48. 5 469 938 1 . 88 
c 1 1-2 10-46. 5 490 980 1 . 96 
c 2 1-9 10-48. 5 479 958 1 . 92 
c 3 1-5 10-49 491 982 1 . 96 
c 4 1-7 10-48 475 950 1.90 
c 5 1-8 10-46 448 896 1. 89 
D 1 1-10 10-52 535 1124 2. 25 
E 1 1-10 10-61 630 1322 2. 64 
E 2 1-8 10-60. 5 626 1321 2.62 
E 3 1-36 l0-63 .5 629 1321 2. 64 
E 4 1-45 10-65 635 1332 2 . 67 
E 5 1-35 10-62. 5 630 1322 2. 64 
aAll data for Run 854C are for bar e unshielded dosimet er s . 
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Table 14C (Continued) 
Plane Dosimeter Dosi.meter reading A Dose Dose rate 
Before After read (R/hr4 
scale-read scale-read R x io-
A 1 3-16 io-43 .5 3efl 813 1.63 
A 2 3-20 10-44 360 756 1. 51 
A 3 3-16 10-45 402 844 1.69 
A 4 3-14 l0-43 .5 393 825 1.65 
A 5 3-7 l0-43.5 414 eflO 1.24 
B 1 3-17 10-49.5 468 936 1.87 
c 1 3-20 10-49.5 405 964 1.93 
c 2 3-17 10-50 499 994 1. 99 
c 3 3-17 10-49 489 973 1.94 
c 4 3-17 10-49. 5 494 984 1.97 
c 5 3-14 10-50 448 1014 2.03 
D l 3-17 10-59 539 ll32 2.26 
E 1 3-8 10-63 636 1336 2.67 
E 2 3-15 10-65 625 1314 2.63 
E 3 3-10 10-62 630 1324 2. 65 
E 4 3-5 10-63 615 1292 2.58 
E 5 3-11 10-63 627 1317 2.63 
Table 15. Gamma dose rates at power 
Dosimeter Duration Time Dosimet er r eading ~ Dose Dose 
lapse Before After read rate 
min min scale-read scale-read R R/hr 
Run 918 
June 8, 1965 
B-15 5 - 1- 1.5 1- 1.5 0 0 0 . 
B-19 .5 2.5 1- 2.5 1-56 53.5 1070 128,000 
B-20 .5 10.0 1- 4 1-58 54 1080 130, 000 
B-21 .5 20.0 1- 1.5 1-56 54.5 1090 131, 000 
B-22 .5 30.0 1- 1.5 1-56.5 55 1100 132,000 
B-23 .5 40.0 1- 4 1-58 54 1080 130,000 
B-24 .5 50. 0 1- 4 1-58.5 54.5 1090 131,000 \J'I 
B-25 .5 60.0 1- 3.5 1-59 55.5 lllO 133, 000 l\) 
B-26 .5 70. 0 1- 4.5 1-59.5 55 1100 132, 000 
B-27 .5 80. 0 1- 6.5 1-61 54.5 1090 131,000 
B-28 .5 90 .. 0 1- 9.5 1-65 55.5 lllO 133, 000 
B-29 .5 100.0 1- 4 1-60 56 ll20 134,000 
B-30 .5 110.0 1-17 1-72.5 55.5 1130 135,000 
B-31 .5 120.0 1-40 1-95 56 1120 134, 000 
Table 16. Deterrrd_mtion of neutron flux inside the boron ~hiclda 
Foil 
nUJ ber 
In 
t ime 
15:56 
16:11 
Duration 
min 
10 
10 
Power level 
a \'mt ts 
1.6 x 10-6 100 
1.6 x 10-6 100 
Counts 
72,241 
59,218 
aConversion factor for count rate to neutron flux: 
Count 
t ime 
min 
5 
5 
Count 
rate 
c/m 
14, 4h8 
11,844 
neutron flux (neutrons/ cm2 sec ) 
saturated foil activity (cpm) 
= 
2.55 
bGold foil weight 0.0627 e 
cGold foil weight = 0.0626 c;, exposed \·1ith cadmium co\ er 
Background 
count rate 
c/ m 
17 
14 
Corrected 
count rate 
c/m 
14,431 
11 , 830 
